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[ This is another paper reporting results of the extensive investigation
on organic phosphoreus compounds being carried out by the team of investe
igators in question at Kazan'. Compounds having cholinesterase inhibitor
activity (nerve poisons) and substances which may serve as intermediates in
the synthesis of such compounds are teing prepared and their chemical pro=
perties studied in tle course of this investigation., It is not stated in
any of the papers published by this group that this is actually the applic-

cation which the authors lave in view: this refers to a possible and po-

tential application of the authors! results 7/

In one of our preceding works (1) we studied the action of dialkyl=
phosphiorous acids on isomeriec methoxychloropentenes which are isomers of
the allylic type. It was established that the primary chloride l-Methoxy
S-chloropentane =3 reacts with salts of dialkylphosphorous acids according
to a normal scheme, without regrouping, and with the formation of corres-

ponddng l-methoxy- 5-dialkylphosphonic acid - 3-pentanes, The secondary
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chloride l-methoxy=- 3 chloropentane = L, in the presgence of free dialkyl-
phosphorous acide in the reaction medium reacts abnormally with salts of
dialkylphiosphorous acide, with complete allylic regrouping and the formation
of products identical in structure with these obtained from the primary
chloride, In the absence of free dialkylplioephorous acids there takes place

a furthor addition of sodium dialkylphosphite at the double bond of l-methoxy -
G=dialkylphosphonic acid= J=pentenes with the formation of alkoxy (dialkyl=
phosphonic acid) pentanes,
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Recause the opecified cace of addition of sodium salis of dialkyl=-
phosphorous acide to unsaturated compounds is up to the presant timzacaly
one reported in literature and because it offore considerable theoretical
interest (since it opens a new means for the synthesis of esters of phosphonic
acide containinx different functional groups), we decided to otudy more ex=
tensively thie new type of reactions in the instance of unsaturated compounds
belonging to various groups of organic compounds, primarily unsaturated
ketones, nitriles, and esters.

The indicated unsaturated compounds are typical electrophilic reagents
prossessing doutlo bonds which are extremely active with respect to addition,
Thoir component groupe CO, CN, and COOR, in consequence of thuir strong
electron affinity create a poworful positive charge on the beta-pdwecarbon
of the ethylene bond, thereby providing favorable conditione for the add-
ition of nucleophilic reagents to this bond, On the other hand, the ability
of the functional groups in unsaturated ketones, intriles, and esters to
add nucleophylic reagents is considerably reduced in comparison with similar
compounds of a saturated character,

As a result of work conducted in the course of the last two years, we
lave shown that dialkylphosphorous acids in the presence of alcoholates of
alkaline metals add readily at the double bonds of unsaturated ketones, n¥i
nitr&lﬂ? esters, and certain other unsaturated compounds,

In the present report are described the results of the addition of
various dialkylphosphorous acids to betay beta-dimethyl-divinylketone, the
nitrile of acrylic acid, and the methyl ester of methacrylic acid.

The reactions were carried out in such a manner that a saturated al=-
coholic solution of sodium alcoholate was added to the mixture of equi-
molecular quantities of the unsaturated compound and dialkylphosphorous

acid,

.
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The reactiors uswally proceed violently with a coneideralle evelution
of heat by the reictive mixture, and are often accompanied by toiling, The
groater the molecular weisht of the dialkylphnopnorous acid being added, the
less io the heut effect observed in the renctd\? procecs and the greater the
quantity of catalyst required for Lringing the reaction to complotiony To
separate the producte of thie reaction, the reaction mixture is distilled in
vaouwn some time after the e:d of the reaction,

It is necessary to note that it is advisable to employ as catalysts in
the reactions under consideration sodium alcocholates of alcchols having the
same radicals which enter into the composition of the dialkylphosphorous
acids being added,because in this case the exchange reaction between alcohols
and dialkylphosphorous acid is eliminated ,bhus guaranteeing the purity of
tl.e obtained product.

The addition of dimothylphosphorous, dicthylphosphorous, diisobutyl=-
phosphorous, and difmtylphosphoroue acids to dimethyldivinylketone was
gtudied,

For clarification of the constitution of tho products obtained, the
product of addition of diethylphosphorous acid was subjected to detalled
study., By titration of tlhe product with bromine the preserce of one double
bond in it was established, By sa.pol“\i‘ication of the product with hydro-
chloric acid there was obtained ethylchloride, corresponding in quantity
to that computed under assumption of tle presence of one diethylphosphonic
group in the molecule. In the products of sapc‘ﬂ;ficntion no traces were
found of phosphoric acid, which should have formed in the event that the
phosphonic group in the product were attached to the carbon atom in alpha=
position to the ketone group. The presence of the ketof group in the pro-
duct was proved by color reactions with sodium nitroprusside, beta-naphthol,

and the preparation of a phenylhydrazone.
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On the basie of the data obtained, the follewing formula was assigned
to the product of the addition of diethylphoephoreus acid to %‘3_ Sota-

diemethyl=-divinylketones

s P w-cu-co-cuz-cn,‘,-e;fc
mB (°°2“5) 2

The constante and yields of all addition products obtained are presented
in Table 1.

The addition of dialkylphosphorous acids to the nitrile of acrylic acid
proceeds much more vigorously than the addition to betnl beta=dimethyldivinyl-
ketone,

Upon the addition of several drops of a solution of an alcoholate to
the reaction mixture the latter heats up strongly and moreover, in the
absence of external cooling, boils violently. By sapomificalion of the
addition product obtained, phosphonopropionic acid with a melting point of
161;=265° was produced.

he addition reaction can be expressed by the following scheme:
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The constants and yields of the products of addition of various dialkyl-
phosphorous acide to the nitrile of acrylic acid are listed in Table 2,

Ag we established further, dialkylphosphorous acids in the presence
of alcoholates of alkaline metals are capable of being added also to esters
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of uncaturated acide, In the case of the methyl coter of methacrylic acid,
the addition takes place with considerably more difficulty than in the case
of the nitrile of acrylie acid and betay beta=dimethyldivinylketone; the
reactions are started only Ly the addition of a conesiderable quantity of a
solution of sodium alccholate to the reaction mixture,
The constants and yields of the products obtained are given in Table 3.
The mechanism of the addition reactions can be represented by equations

analogous to those given above for the case of the addition to acrylic acid

nitrile,
Chemical Institute imeni A. Yo, Arbuzov Submitted
Kazan Affiliate Acad Sci USSR 27 April 1950
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